On-farm inoculation trials have been conducted to evaluate the potential of Bacillus subtilis NRRL B-30408 in respect of plant growth promotion, for two consecutive years, under rainfed conditions at a mountain location in the Indian Himalayan Region (IHR). For this, one cereal (Oryza sativa) and two millets (Eleusine coracana and Echinochloa frumentacea), were used as test crops. Observations were recorded in terms of plant growth, yield, chlorophyll content, and root colonization by various groups of microorganisms. Positive influence of bacterial inoculation on all the three crops, statistically significant in case of most parameters examined as compared to untreated controls, was recorded in both the years. There was a significant increase in chlorophyll concentration in leaves of inoculated plants. While the bacterial inoculation stimulated the free living bacterial and actinomycetes populations in the rhizosphere, the fungal population was somewhat suppressed; indicative of the antifungal property of the inoculant. The treatment also enhanced the colonization of arbuscular mycorrhizae (AM), and the endophytes associated with the roots. In conclusion, the plant growth promotion, recorded as a result of microbial inoculation, is attributed to the microbial shift in the native microflora of the rhizosphere. Based on the results of this field study, B. subtilis NRRL B-30408 can be proposed as an efficient bioinoculant for the hill crops, grown under rainfed conditions of the mountain ecosystem. The main aim of this study was on farm demonstration of the microbe based technology with peoples' participation, with a view of adoption of the technology by the farmers.
Introduction
The classical work of Hiltner (1904) had indicated two major areas of rhizosphere research of applied value:
(i) rhizosphere in relation to plant nutrition, growth, and development, and (ii) influence of rhizosphere phenomena on pathogens with emphasis on biocontrol.
Subsequently, a class of rhizosphere microorganisms, closely associated with plant roots, was recognized as plant growth promoting rhizobacteria (PGPR) (Kloepper et al., 1989) . The review by Rovira (1991) on rhizosphere biology with focus on PGPR, highlighted the variable results obtained by different researchers.
Further, Lucy et al. (2004) , while looking at the work conducted, on crop plants over a period of 25 years, to see the effect of free living rhizobacteria has also mentioned the inconsistence results obtained between laboratory, greenhouse, and field based studies.
Increased global preference for natural "organics" and the need to reduce the use of chemical fertilizers has catalyzed research on development of biological fertilizers in recent times. Isolation of microorganisms, screening for desirable characters, selection of efficient strains, production of inocula and formulations that are easy to store and transport are all important steps in the development of this environment friendly and sustainable technology. Besides the direct benefits of the use of plant growth promoting microorganisms, the ecological and rhizosphere competence, and their effect on the native rhizosphere microorganisms, are also important in selecting suitable microbial inoculants, for a particular environment (Pandey et al., 1998) .
A series of experiments have been conducted for developing microbial inoculants, specifically for colder regions. The initial on-farm experiments, carried out at various elevations, indicated the necessity to take care of the ecological specificity of the microorganisms, and the need for using native microorganisms as microbial inoculants for field applications (Pandey et al., 1998) . Further, this concept was followed during several laboratory and field based screenings, leading finally to the selection and development of formulations using the psychrotolerant species of Pseudomonas, and the endospore forming Bacillus (Pandey et al., 2001 a, b; 2002; Trivedi et al., 2007; Rinu and Pandey, 2009; Trivedi et al., 2012) for application in agricultural crops. In the present study, on-farm inoculation trials have been conducted, with participation of the local farmers, on three popular agricultural crops grown in the hills. The benefits were demonstrated through comparative assessment, made between the control and inoculated plots; evaluations were based on plant growth, yield related parameters, and colonization of the rhizosphere associated microorganisms. It is hoped that such trials involving the farmers would lead to acceptance of this technology for wider adoption.
Materials and methods

Study location and test crops
About 85 per cent of people in the Indian Central Himalaya practice rainfed subsistence agriculture. The land holdings are small, fragmented and on terraced slopes; per capita cultivated land is 0.2 ha and mixed cropping is common under such conditions. Over 40 crop species, comprising of cereals, millets, pseudocereals, pulses, oil seeds, tubers, bulbs and spices are cultivated (Farooquee and Maikhuri, 2009) . A number of landraces of rice are cultivated in the rainfed upland farming system of Uttarakhand Himalaya (Agnihotri et al., 2000) .
Three villages (Katarmal, Panchgaun, and Bari) in district Almora, Uttarakhand, India, were selec-ted for conducting these field experiments. A total of three crops, comprising of one cereal (Oryza sativa L., common name-rice, local name dhan) and two millets (Eleusine coracana L. Gaertn., common name-finger millet; local name-Mandua or Khoda and, Echinochloa frumentacea (common name-barnyard millet; local name Madira or Jhangora) were used as test crops. E. coracana is used for making flour while E. frumentacea is used as a substitute of rice. The crop residue is used for fodder and fuel.
The selection of crops was done on the basis of their importance for the local farmers. The inoculation trials were carried out on farmers' fields, for two consecutive years in 2008 and 2009.
Soil characteristics
Soil characteristics are summarized in Table 1 . Phosphorus (P) and Potassium (K) were determined following the standard methods (Allen, 1974) , while the total Carbon (C) and Nitrogen (N) were determined using CHNS Analyzer Vario EL III (Elementar, Germany). 
Bacterial inoculant
Bacillus subtilis, maintained at -20 ºC in Tryptone Yeast extract (TY) broth containing 20% (v/v) glycerol, was used for the seed inoculations. The bacterium was originally isolated from a mountain location, following heavy snowfall, and selected for moderate phosphate solubilization and strong antagonistic properties (Pandey et al., 1997; Chaurasia et al., 2005) . Subsequently, it has been evaluated for plant growth promotion, using agricultural, forest and tissue culture raised plant species, through laboratory as well as field based assays (Pandey et al., 2000; Trivedi et al., 2007, Rinu and Pandey, 2009 ). One hundred mL of this suspension was mixed with 150 g sterilized charcoal, and the slurry was used as seed coating.
Experimental setup
The seed sowings were done in the month of april while the crops were harvested in October. Seeds (100 g) were mixed with the inoculant slurry (described above) in a 500 mL capacity tray. The control seeds were also mixed with the slurry (containing 10% sticker and 150 g charcoal, without the bacterium). Before mixing, the seeds were rinsed (x 4) with sterile 
Plant growth and yield
For recording growth parameters, ten plants were randomly harvested from the respective plots for each crop during flowering (120 days after sowing) from both the control and inoculated plots, and washed with running water. First, the root and shoot length was recorded; the roots were then cut off, and the root and shoot portions were dried separately at 70 ºC for 72 h, for each plant. Another ten representative plants were randomly harvested from control and inoculated plots at full maturity to determine yield related parameters.
The plants were dried at 70 ºC for 72 h and weighed for calculating the biomass; seed weight (yield; from 10 spikes) was also recorded. Harvest index (HI) was calculated using the formula: HI = economic yield x 100 / biological yield.
Chlorophyll content of leaves
For estimation of chlorophyll content, 1 g fresh flag leaves were cut into small pieces, made into a pulp with mortar and pestle with addition of 20 mL of 80%
(w/v) acetone. Samples were centrifuged at 5000 x g for 5 min and the supernatant was transferred to a 100 mL volumetric flask. The residue was mixed with 20 mL of 80% acetone, the extract was centrifuged and the supernatant was transferred to volumetric flask.
This was repeated until the residue became colourless. The volume was made up to 100 mL with 80%
acetone. The absorbance of the solution was read at 645 nm and 663 nm against solvent (80% acetone) blank and the chlorophyll content was calculated by standard method.
Rhizosphere microorganisms
The estimations were made on the culture dependant free living rhizosphere microorganisms, and colonization of roots by AM fungi and the endophytes.
Three groups of microorganisms, viz. bacteria, actinomycetes and fungi were enumerated, using the serial dilution technique. TY agar, Actinomycetes agar and Potato dextrose agar were used for enumeration of bacteria, actinomycetes and fungi, respectively in year 2. Serially diluted plates were observed for colonies, after incubation at 25 ºC for 1 week. 
Statistics
The excel program of Microsoft Windows 2003 professional was used to calculate means and standard deviations. ANOVA was performed to determine significant differences between control and inoculated plants. and 10.0 %, respectively, over control (Table 2a) . (Table 2b) . *significant at p < 0.05%, values are the means ± SD (n=10).
Results
Plant growth parameters
Root colonization and microbial communities
Increase in per cent root colonization by mycorrhizae and endophytes were recorded in inoculated plants, as compared to control, in both the years, at all the sites (Figure 1) (B) = Bacteria, (F) = Fungi, (A) =Actinomycetes, Crop 1: Oryza sativa, Crop 2: Eleusine coracana, Crop 3: Echinochloa frumentacea *significant at p < 0.05%, values are the means ± SD (n=3).
Chlorophyll content
Chlorophyll content was found to increase in inoculated plants over control, in all the three crops, in both the years (Figure 2 ). Across villages, increase in the chlorophyll content of Oryza sativa leaves was found to range between 6.4 to 8.3 % and 5.4 to 5.7 %, in Year 1 and Year 2, respectively. In case of crop Eleusine coracana, this increase ranged between 8.5 to 9.9% and 5.7 to 9.6%, in Year 1 and Year 2, respectively. In Echinochloa frumentacea, the increase was found to range between 7.6 and 9.1 % and 8.8 to 10.2 %, in Year 1 and Year 2, respectively. 
Discussion
The present study summarizes the effect of bacterial inoculation on three locally important crops grown on farmers' fields, for two consecutive years in different villages under rainfed conditions at mountain locations. in a previous study conducted on some other hill crops (Pandey et al., 1999) .
Various aspects of functional efficiency of PGPR have been studied extensively. The PGPR influence plant growth through direct or indirect mechanisms.
The examples of direct mechanism(s) may include:
growth promotion by providing fixed nitrogen to the host plant, phosphate solubilization, production of phytohormones, sequestration of iron by siderophores, and lowering of plant ethylene levels. The indirect mechanisms mainly involve biocontrol of plant pathogens that may be associated with antibiosis and production of antimicrobial substances, such as lytic enzymes and biocidal volatiles (Chaurasia et al., 2005; Compant et al., 2005) . Natural agriculture ecosystems depend upon such beneficial microorganisms to sustain higher crop productivity (Rosas et al., 2009) . Selection of early root colonizing PGPR, which directly or indirectly influence plant growth and productivity, is preferred (Cakmakci et al., 2006) . The beneficial influence has been reported in terms of biofertilization, stimulation of root growth, rhizoremediation, plant stress management and biocontrol (Lugtenberg and Kamilova, 2009) . Increase in plant growth related parameters including biochemicals, such as the chlorophyll content, due to bacterial inoculation in crop plants, under cold on highland areas of Turkey, has also been reported (Elkoca et al., 2008) .
The ecological influence of the application of PGPR inoculant on native microflora, associated with the roots, has received considerable attention in recent times. The present study was conducted as an extension of a long term investigation to develop suitable microbial inoculants specifically for field application in the colder mountain regions. In the initial experiments, that were conducted under two climatic zones in the Mamlay watershed, Sikkim, on farmers' fields, it was observed that the bacterial inoculation stimulated the beneficial native populations of both gram negative (pseudomonads) and gram positive (actinomycetes) organisms, in the rhizosphere (Pandey et al., 1998) . This concept was further established through pot as well as small scale field based assays (Pandey et al., 1999; Kumar et al., 2007) , in another mountain state, Uttarakhand. From these experiments, it was concluded that the exogenous inoculant, when introduced in higher concentration, stimulates the native microflora that in turn influence the root (rhizosphere or rhizoplane, or both) colonization, subsequently affecting the plant growth. During interaction with the native microflora, the introduced bacterium is likely to compete for its own establishment in the rhizosphere. The phenomenon appears to be complex and is bound to bring a microbial shift in the rhizosphere. In the present study, it was observed that the bacterial inoculation increased not only the population of bacteria and actinomycetes, but also influenced the colonization of mycorrhizae and endophytes.
While PGPR have received attention as mycorrhizae "helper bacteria", another important area related to plant growth promoting microbes receiving attention in recent literature pertains to colonization of internal tissues of plant species by the endophytes (Ryan et al., 2007) . Suppression of fungal counts, observed in the present study, may be attributed to the known antifungal property of the bacterial inoculant (Chaurasia et al., 2005) . Importance of quorum sensing in the rhizosphere with a view of determining the fate of the introduced bioinoculant in the natural ecosystem has also been studied (Sharma et al., 2003) .
Based on the results of laboratory as well as field based studies, it was established that species of Bacillus and Pseudomonas are suitable PGPRs for field application under low temperature environments.
Both can be raised in suitable formulations and stored without the loss of the beneficial traits over storage Trivedi and Pandey, 2008a) .
However, for field application, it is desirable to select a PGPR that benefits a large number of plant species, under a particular environment. Most of the commercially developed PGPR belong to the genus Bacillus, and among the genus, strains of B. subtilis have been recognized as PGPR, mainly because of their disease reducing ability and resistance to environmental stresses due to spore forming nature. The importance and preference for the Bacillus species in field applications is of late getting attention (Ghosh et al., 2003; Liu et al., 2006; Trivedi et al., 2008; Trivedi and Pandey, 2008b; Pandey et al., 2011; Zhao et al., 2011) .
Conclusion
Agricultural practices in the mountain ecosystem are unique. On the basis of a series of experiments con- 
